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Background. Early word reading predictors are well established. However, it is unclear if these 
predictors hold for readers across the distribution. This study used quantile regression to 
investigate predictive relationships at different points in the distribution of word reading. 
Methods. Quantile regression analyses used preschool and kindergarten measures of letter 
knowledge, phonological awareness, rapid automatized naming, sentence repetition, vocabulary, 
and mother’s education to predict first grade word reading. Results. Predictors generally varied 
in significance across levels of word reading. Notably, rapid automatized naming was a unique 
predictor for average and good readers but not poor readers. Letter knowledge was generally a 
better unique predictor for poor and average readers than good readers. Conclusions. Well-
known word reading predictors varied in significance at different points along the word reading 
distribution. This study illustrates the value of the quantile regression approach for investigating 
predictive relationships of reading-related outcomes.  













Highlights (required for the journal we are considering) 
What is already known about this topic 
- Word reading precursors are well-established, with letter knowledge, phonological 
awareness, and rapid automatized naming identified as key variables, 
- These relationships are primarily investigated in average readers, or in groups of good 
and poor readers created using a cut-off score approach. 
What this paper adds 
- This study examined the significance of these established relationships for readers at 
different points in the distribution of word reading, using quantile regression. 
- The quantile regression approach avoids the loss of power that can arise when creating 
subgroups, and has none of the issues associated with the use of a single cut-off score. 
- Letter knowledge and phonological awareness were found to be generally significantly 
predictive of word reading across the distribution, while rapid automatized naming was 
significant only for good readers, and sentence recall was significant only for poor 
readers.  
Implications for theory, policy, or practice 
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- Results reinforce the usefulness of measures such as letter knowledge, phonological 
awareness, and sentence repetition in the early identification of children at risk for 
reading disabilities.   
- Results also suggest that measures of rapid naming may add little unique information in 
differentiating between children who subsequently read in the below average range. 
-  Our findings also add to the large body of research indicating that early literacy 
experience and activities that highlight the sounds in words can promote reading ability 























 The identity of the early precursors of word reading ability has implications for the early 
identification of children at risk for reading disabilities. Research has identified various factors 
that are predictive of word reading. These include phonological awareness (PA), letter 
knowledge, rapid automatized naming (RAN), and vocabulary (e.g., Kirby, Desrochers, Roth, & 
Sandy, 2008; Lervag, Braten, & Hulme, 2009; Schatschneider, Fletcher, Francis, Carlson, & 
Foorman, 2004). Whereas considerable convergence exists concerning the identity of these early 
predictors, the specific nature of their relationship to word reading remains unclear. One issue of 
concern is whether a predictor’s importance varies for readers with different levels of word 
reading ability. This issue has typically been addressed by dividing a sample into subgroups of 
average readers and poor readers. Relationships can then be estimated within the subgroups 
independently, or by comparing effect sizes, correlations, or regression coefficients between 
reader groups (de Groot, van den Bos, Minnaert, & van der Meulen, 2015; Katzir, Kim, Wolf, 
Kennedy, Lovett, & Morris, 2006; Scarborough, 1998;Torgesen, Wagner, Rashotte, Burgess, & 
Hecht. 1997). However, the creation of subgroups necessitates the use of a cut score, and the 
particular cut score that is used to divide the sample and define the group of poor readers often 
varies between studies, making comparisons across studies difficult. In addition, estimates of 
predictive relationships will be most representative of readers with average scores within a 
subgroup, while readers close to the cut-off score will not be well represented.  
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One recent study that addressed the issue of a single cut point among children with 
varying levels of word reading ability was conducted by de Groot et al. (2015). The researchers 
examined the predictive relationships of PA and RAN to word reading, using data from a large 
sample of Dutch children ages 7-14 years. A series of eight different cut-off scores were used to 
identify children as good, average, or poor readers. These cut-off scores were calculated using 
standard deviations (SD), and ranged from -2.0 to +2.0 SD (-2.0, -1.7, -1.5, -1.3, +1.3, +1.5, 
+1.7, +2.0). For example, when applying the -2.0 SD cut-off score, children with scores below -
2.0 SD were considered poor, and children with scores above -2.0 SD were considered average. 
Within each subsample, an effect size was calculated separately for RAN and PA by comparing 
the mean score for the children in that particular subsample to the mean score for average 
readers. This was done using a resampling procedure that generated 1000 average-reader 
samples equal in size to the comparison group, and calculated the average. The researchers found 
that the effect size for PA was larger when comparing poor and average readers than when 
comparing good and average readers, for all cut-off scores, but the effect size for RAN remained 
fairly constant. This decreasing effect size of PA for good readers is consistent with previous 
research that describes beginning reading as more phonologically based, with phonological skills 
decreasing in importance as reading performance increases and reading becomes more 
automatized. However, the static effect for RAN at different word reading ability levels is 
surprising, as RAN is typically considered to be more related to skilled, automatized reading 
(Norton & Wolf, 2012). It is possible that the inclusion of additional variables would alter this 
pattern by further refining the unique contribution of RAN.  
Whereas the study by de Groot et al. was able to examine RAN and PA in a series of 
comparisons at different points in the word reading distribution, their approach nevertheless 
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required the division of a continuously distributed variable into discrete subsamples. The 
implementation of multiple cut-off scores is an improvement over a single cut-off score, but 
remains problematic because it conflicts with the common conception of word reading as a 
continuous and normally distributed measurable skill. In addition, a subsampling approach can 
reduce the statistical power of an analysis. Here, the very large sample size (N=1,598) ensured 
sufficient power, but in smaller studies dividing the sample could decrease the power below 
conventionally acceptable levels. A cut-off-based approach therefore is limited in its ability to 
address the question of whether the importance of word reading predictors varies at different 
levels of word reading skill.  
An analytic approach that is well suited to addressing this question is quantile regression. 
In a quantile regression analysis, predictor-outcome relationships are estimated at a series of 
selected points along the distribution of the outcome variable, called quantiles (akin to 
percentiles). Through the use of a weighting matrix, all data points contribute to the estimation at 
each quantile, but their specific contributions vary based on the proximity of each data point to 
the quantile in question (Petscher & Logan, 2014). Relationships are thus estimated without the 
loss of statistical power that occurs when subgroups are created. The outcome variable is treated 
as continuous, and the issues associated with the use of a cut-off score are avoided.  
Previously, quantile regression has been used in several language- and reading-related 
studies. Quantile regression was used to analyse twin data (Logan et al., 2012), to test whether 
the contributions of heritability and shared environmental influences remained stable across the 
reading ability range. Heritability, for instance, was found to explain differences between poor 
readers but not good readers. Petscher and Kim (2011) used quantile regression to examine the 
predictive validity of oral reading fluency for readers with different levels of reading 
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comprehension. Quantile regression was also used to investigate the impact of floor effects on 
the predictive validity of reading fluency measures (Catts, Petscher, Schatschneider, & Bridges, 
2009). They found that floor effects served to lower the predictability of screening measures. In 
all these instances, quantile regression made it possible to examine the significance of predictive 
relationships for readers with different levels of reading skill. 
The current study used quantile regression to investigate the unique predictive utility of 
various preschool and kindergarten word reading precursors at different quantiles of first grade 
word reading. In addition to PA and RAN, the current study included letter knowledge, sentence 
repetition, vocabulary, and mother’s education as predictors. Analyses were conducted 
separately for preschool and kindergarten predictors.  
Method 
Participants  
The participants were selected from a larger comprehensive longitudinal investigation of 
reading comprehension (Language and Reading Research Consortium; in press). In that 
longitudinal study, approximately equal numbers of pre-schoolers (N=105) were selected from 
research sites in different regions of the country (total N=420). For the present study, we selected 
295 children from the longitudinal study who had complete data on word reading in first grade. 
This included 265 children who had complete data on all preschool measures of interest and 264 
children who had complete data on kindergarten measures of interest. 
The sample of 295 children included slightly more ___s than ___s (XX% versus XX%) 
and the majority of children were White/Caucasian. Specifically, XX% of children were 
White/Caucasian, X% were Black, X% were Asian, and X% were other. About XX% of children 
were Hispanic. XX percent of families reported speaking primarily English at home; other 
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languages spoken at home included Spanish, Chinese, Amharic, and Vietnamese. XX percent of 
children resided in two-parent households. Nearly XX% of children had Individual Education 
Plans (IEPs), and about XX% qualified for free/reduced lunch.   
Measures 
Phonological Awareness. The Phonological Awareness (PA) subtest from the Test of 
Preschool Early Literacy (TOPEL; Lonigan, Wagner, Torgesen, & Rashotte, 2007) was used as a 
measure of phonological awareness. The PA subtest consists of 27 items measuring elision and 
blending abilities. The first 12 items require children to say a word, then to say what is remaining 
after deleting specific sounds (elision). For the remaining 15 items, the children are asked to 
listen to separate sounds and combine them to form a word (blending). Test-retest reliability for 
this subtest is .83.  The internal consistency reliability coefficient (coefficient alpha) calculated 
in our longitudinal study was .88 for preschool, and .86 for kindergarten. 
Letter Knowledge. The Letter Identification subtest from the Woodcock Reading Mastery 
Test – Revised/Normative Update (WRMT-R/NU; Woodcock, 1998) was used to examine letter 
knowledge. The subtest measures children’s ability to identify letters of the alphabet presented in 
isolation in a variety of fonts and styles. The split-half reliability for this measure is .94. The 
internal consistency reliability coefficient (coefficient alpha) calculated in our longitudinal study 
was .95 for preschool, and .91 for kindergarten. 
Rapid Automatic Naming (RAN). The Rapid Automatic Naming (RAN) subtest of the 
Clinical Evaluation of Language Fundamentals – 4th edition (CELF-4; Semel, Wiig, & Secord, 
2003) was used to examine children’s ability to rapidly name a series of visual stimuli consisting 
of different coloured shapes. Children’s performance was measured in total time needed to 
complete each task. The original version of the subtest was given to kindergarten children, while 
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a modified version was created for this study for preschool children to better suit that age group, 
using images of common animals instead of shapes. Test-retest reliability for this subtest is .87 
for ages 6;0-7;11.  
Sentence Recall. The Recalling Sentences subtest of the CELF-4 was used to evaluate 
the ability of the children to listen to spoken sentences of increasing length and complexity and 
repeat without changing word meanings, inflections, derivations or comparisons, or sentence 
structure (Semel, Wiig, & Secord, 2003). This subtest was modified from the original version to 
incorporate preschool-age items into the measure to have one measure for all grades. Items 1 and 
2 from the CELF-Preschool-2 Recalling Sentences subtest were included as items 1 and 2 on the 
modified CELF-4. All other items and order were maintained from CELF-4. The internal 
consistency reliability coefficient (coefficient alpha) reported in the manual for this subtest was 
.93 for ages 5;0-5;5, and .92 for ages 5;6-5;11. The internal consistency reliability coefficient 
(coefficient alpha) calculated in our longitudinal study was .92 for preschool and kindergarten. 
Vocabulary. The Peabody Picture Vocabulary Test, Fourth Edition (PPVT-4; Dunn & 
Dunn, 2007), was used as a measure of receptive vocabulary. The PPVT-4 is a norm-referenced, 
wide-range instrument that is untimed and individually administered. Children are required to 
select the picture that best illustrates the meaning of a stimulus word spoken by the examiner. 
The test-retest reliability for this measure reported in the manual is .94 for ages 5-6. The internal 
consistency reliability coefficient (coefficient alpha) calculated in our longitudinal study was .96 
for preschool, and   kindergarten. 
Mother’s Education. Mother’s education was determined using a family background 
questionnaire that was sent to parents/guardians of children involved in the longitudinal study. 
The item was stated as, “What is the highest level of education completed by this child’s 
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mother/female guardian living in this household?” Respondents were asked to select one of the 
following: eighth grade or less, some high school but no diploma, high school education with 
diploma or GED, high school diploma or GED plus technical training certificate, some college 
but no degree, AA/AS 2 year degree, Bachelor’s degree, Master’s degree, Doctoral degree (e.g. 
MD, JD, PhD). The responses were scored from 0 – 8. Reliability was not calculable for this 
measure. 
Word Reading. Word reading was assessed by the Word Identification and Word Attack 
subtests from the WRMT-R/NU (Woodcock, 1998). The Word Identification subtest examines 
an individual’s ability to identify written words in isolation. The Word Attack subtest measures 
an individual’s ability to apply phonic and structural analysis skills to unfamiliar words (both 
nonsense and infrequently used words). The split-half reliability is .98 for Word Identification 
and .94 for Word Attack for first grade. The internal consistency reliability coefficient 
(coefficient alpha) calculated in our longitudinal study was .96 for Word Identification and .92 
for Word Attack in first grade. 
Procedures 
In the larger longitudinal study, children completed a comprehensive assessment battery 
in the latter half of each academic year (January through May). The battery required an average 
of 5 to 6 hours to complete, and was broken into multiple sessions. For the measures utilized in 
the present study, all children were assessed individually by trained assessors in quiet locations 
at their schools, a university laboratory, or other public facility (e.g., library). Assessors were 
certified for a given measure following completion of an extensive standardized training program 
that included completion of a written quiz concerning administration and scoring procedures 
(required 100% correct), and completion of two live administrations that were  observed by an 
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experienced assessor (90% accuracy to administration and scoring procedures based on rubrics 
developed for this purpose). 
Data Analysis 
 Two sets of analyses were conducted. In the first set of analyses, ordinary least squares 
(OLS) multiple regression was performed to examine the relationship between preschool or 
kindergarten predictors and first grade word reading. In the second set of analyses, multiple 
quantile regression was used to examine the same relationships. Quantile regression examines 
the predictor-outcome relationships at different levels (quantiles) of the outcome variable. In 
doing so, it addresses the question of whether the strength of the relationship between a 
particular predictor and word reading depends on the quantile of word reading at which it is 
examined. All data points are used to estimate the relationships at each quantile by applying a 
weight matrix: data points closest to a particular quantile are weighted most heavily. This allows 
the estimation to be performed without the loss of power that would result from dividing the data 
into subsamples and estimating relationships within each discrete sample. All variables except 
for Mother’s Education were converted to z-scores. Z-scores from the Word Identification and 
Word Attack subtests were summed and this sum was converted to a z-score. Bivariate 
correlations between measures were calculated in SPSS. All other analyses were performed 
using SAS 9.3 software (SAS Institute, Cary, NC) using the QUANTREG and GLM procedures.  
Results 
Table 1 contains descriptive statistics for the preschool and kindergarten predictors, and 
Mother’s Education. Table 2 shows bivariate correlations between all predictors. Predictors in 
both kindergarten and preschool show a low to moderate relationship with word reading in first 
grade. 
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Ordinary Least Squares Regression. Tables 3 and 4 display the results of OLS multiple 
regression for preschool and kindergarten predictors, respectively. In the preschool multiple 
regression, letter knowledge, RAN, and sentence recall were the significant predictors of word 
reading. In the kindergarten multiple regression, letter knowledge, RAN, sentence recall, and PA 
were significant predictors of word reading.  
Quantile Regression. The above OLS predictions are estimates of the predictive nature of 
the specified variables for the child with the average level of word reading. A critical innovation 
of this study was the investigation of whether these relationships differ depending on children’s 
word reading ability. To do this, we used quantile regression analysis: this technique enabled us 
to examine how each predictor was related to word reading individually at different quantiles, 
and how predictors were uniquely related to word reading while controlling for the influences of 
each of the other predictors. We chose to estimate the relationships between variables at five 
points in the distribution of word reading (.1, .25, .5, .75, and .9). This number of points was 
selected to provide an overall representation of how the functional relationship changes along the 
distribution of word reading. It is important to note that the results of the reported quantiles 
would not vary if additional points were selected; these estimates are representative only of the 
point described, and not of a group of surrounding points (Petscher & Logan, 2013). 
The results of the individual quantile regression analyses are presented in Figures 1 and 
2. In these figures, the x-axis represents each selected quantile of word reading and the y-axis 
represents the strength of the relationship between the predictor and word reading. Because 
scores were standardized, the coefficients can be interpreted like correlations (ranging from -1 to 
+1, with 0 indicating no relationship). For example, in Figure 1, the first graph represents the 
estimates relating word reading with PA. At the low end of word reading (.1 quantile), the 
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relationship between word reading and PA is .50. This means that two children at the .1 quantile 
in word reading who differ by 1 standard deviation in PA are predicted to differ by .50 standard 
deviations in word reading. At the higher end of word reading, the .9 quantile, the relationship is 
weaker: estimate equals .31. The results for sentence recall follow a similar pattern, where the 
relationship tends to be higher at lower quantiles. Letter knowledge and vocabulary show a 
flatter profile across quantiles, while RAN tends to increase at the higher quantiles. Mother’s 
education shows no significant effect at the lower quantiles (confidence interval includes zero) 
and a very small effect at the higher quantiles. Figure 2 displays the results for the kindergarten 
predictors. The coefficients for PA and letter knowledge tend to be higher at the lower quantiles 
than at the upper quantiles. Sentence recall, vocabulary, and RAN show flatter profiles with little 
change across quantiles. Mother’s education is once again not significant at the lower quantiles 
and has a very small effect at the higher quantiles.  
Figures 3 and 4 can be read the same as Figures 1 and 2 except that in the former case 
each coefficient represents the unique relationship after controlling for the other variables (partial 
effects). For the preschool multiple quantile regression (Figure 3), only two predictors were 
significantly related to word reading: letter knowledge and RAN. Both of the measures were 
uniquely related to word reading at one or more quantiles. Letter knowledge was significant at all 
quantiles except the highest. RAN, on the other hand, was only significant at higher quantiles. 
For the kindergarten multiple quantile regression (Figure 4), more predictors were uniquely 
related to word reading than in preschool. PA and letter knowledge were generally the best 
predictors across quantiles, although PA was not significant at the .1 quantile and letter 
knowledge was not significant at the .5 quantile. Sentence recall was a significant unique 
predictor at the .1 and .25 quantiles. As in preschool, RAN was only a significant unique 
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predictor at the higher quantiles. Mother’s education was a significant unique predictor at the 
two highest quantiles. 
Discussion 
Previous research has documented many well-established relationships between pre-
reading skills measured in preschool/kindergarten and word reading ability in the early school 
grades.  What is not as well understood is the extent to which these relationships apply to readers 
across the distribution, and in particular to poor readers. A cut-off score or series of cut-off 
scores is often used to create and compare subgroups of good and poor readers, but this approach 
does not account for the continuous nature of word reading ability, and can suffer from a loss of 
power. The current study introduced quantile regression to avoid the drawbacks of a cut-off-
based approach. Using quantile regression, the significance of relationships between predictors 
in preschool/kindergarten and first grade word reading was examined at a number of different 
points along the distribution of word reading ability. 
We began our analyses using OLS multiple regression, which has often been used to 
examine the predictors of reading performance. The results of this analysis were consistent with 
the findings of previous investigations in identifying a number of unique predictors of word 
reading ability. We found that letter knowledge, sentence recall, and RAN in preschool, and 
letter knowledge, PA, sentence recall, and RAN in kindergarten, were significant unique 
predictors of word reading in first grade. We did not find, however, that vocabulary or mother’s 
education contributed uniquely to the prediction of first grade word reading.  
 Our quantile multiple regression analysis identified a similar set of unique predictors, for 
the most part. However, quantile multiple regression demonstrated that the significance of these 
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predictors varied across grades and levels of word reading. Most noteworthy was the relationship 
between word reading and RAN, where RAN was not a significant unique predictor of word 
reading at the lower quantiles, but was significant at the middle and higher quantiles. A similar 
pattern was found in both preschool and kindergarten. Unlike what was found for RAN, letter 
knowledge was generally a better predictor for poor and average readers than for good readers, 
especially when measured in preschool. Sentence recall was somewhat similar to letter 
knowledge in that it was significant at the lower quantiles, but only when measured in 
kindergarten. Finally, PA had a consistent relationship with word reading across quantiles in 
kindergarten but did not have a significant unique relationship with word reading when measured 
in preschool. 
 As noted above, letter knowledge was found to be a significant predictor especially for 
poor and average readers. Letter knowledge in preschool is typically considered to be a reflection 
of general print knowledge and/or early literacy experience (Kirby, Parilla, & Pfeiffer, 2003). 
Therefore, our results might be interpreted to indicate that early print knowledge and literacy 
experience may explain more of the subsequent individual differences among poor and average 
readers than among the best readers. The opposite pattern was found for RAN, such that RAN 
was a better unique predictor for good than for poor word readers. RAN can be considered a 
measure of the integration or automaticity of reading skill (Norton & Wolf, 2012). The 
significance of RAN for better readers could reflect the importance of automaticity for readers 
with a higher level of reading proficiency. Poor and average readers, in contrast, may not benefit 
as much from a higher level of automaticity. 
Our results concerning RAN were different from the findings of de Groot et al. (2015), 
who reported that RAN was equally related to word reading across the distribution. There are 
Predicting word reading 
19 
 
several possible reasons for this disagreement. First, the outcome measure used in our study was 
word reading accuracy, while de Groot et al. used word reading fluency. RAN may well have a 
more stable contribution to fluency across ability levels, while accuracy may owe less to RAN at 
lower ability levels. Second, the children in de Groot et al. were older than the children in our 
study. More experienced readers are likely to read in a more automatized way, while our subjects 
were younger and less experienced and thus perhaps less affected by variations in RAN. 
Sentence recall was found to have a small but significant unique relationship with word 
reading at the low end of the distribution when measured in kindergarten. In other words, 
individual differences on this measure in kindergarten accounted for unique variation among 
poor readers in first grade. Sentence recall is a complex measure involving both phonological 
memory and grammatical ability. Thus it is difficult in this study to determine what aspect of this 
measure might allow it to differentiate among poor readers in first grade.  
PA was a significant unique predictor across most quantiles when measured in 
kindergarten but was not a significant unique predictor in preschool. The lack of unique 
prediction for PA and sentence recall in preschool may be the result of greater collinearity in our 
preschool predictors than kindergarten predictors. Indeed there were larger bivariate correlations 
between measures in preschool than in kindergarten (see Table 2). Others have also found that 
early pre-reading skills may be more closely related to each other at the beginning of reading 
development, and show differentiation as reading skill progresses (Lervag, Braten, & Hulme, 
2009). 
In conclusion, quantile regression analyses served to identify factors that were related to 
word reading and demonstrated how their relationships changed across the distribution.  These 
results suggest that this technique might prove useful in the investigation of other aspects of 
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reading achievement, especially in the study of poor readers.   Our results further have 
implications for early identification and intervention of reading disabilities.  They reinforce the 
usefulness of measures such as letter knowledge, phonological awareness, and sentence 
repetition in the early identification of children at risk for reading disabilities.  Our results also 
suggest that measures of rapid naming may add little unique information in differentiating 
between children who  subsequently read in the below average range. As such, these measures 
may not be helpful in identifying children whose performance falls on one side or the other of a 
cut-score for reading disability.  Our findings also add to the large body of research indicating 
that early literacy experience and activities that highlight the sounds in words can promote 
reading ability in children who are at-risk for reading disabilities.  
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Table 1. Descriptive Statistics for Raw Variables 
  
Min Max Mean (SD) Skewness (SE) Kurtosis (SE) 
Preschool Predictors           
 Letter Knowledge 
 




19.21 (5.31) -0.69 (0.15) 0.24 (0.30) 
Sentence Recall 
 




96.49 (18.11) -0.60 (0.15) 1.13 (0.30) 
RAN 
 
25 197 83.92 (30.93) 1.01 (0.15) 1.07 (0.30) 





0 42 34.22 (4.83) -3.52 (0.15) 18.52 (0.25) 
PA 
 
12 27 25.34 (2.42) -2.53 (0.15) 5.68 (0.25) 
Sentence Recall 
 
1 85 44.68 (15.04) -0.18 (0.15) -0.09 (0.26) 
Vocabulary 
 
60 162 115.39 (16.32) -0.49 (0.15) 0.45 (0.26) 
RAN 
 
50 329 108.08 (38.49) 1.86 (0.15) 5.44 (0.18) 
Mother's Education 
 
0 8 5.33 (1.60) -0.62 (0.14) 0.02 (0.28) 
















Table 2. Bivariate Correlations Between All Predictors  
Preschool Predictors 






























































RAN       -.113 
Mother's 
Education 
       
Kindergarten Predictors 




























































RAN       -.043 
Mother's 
Education 
       
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
PA = phonological awareness; RAN = rapid automatized naming 






Table 3. Slope Values from Multiple Regression for Preschool Predictors 
Variable Estimate Standard Error p-value 
Intercept -0.08 0.18 0.656 
PA 0.10 0.07 0.128 
Letter Knowledge 0.35 0.06 <.0001 
Sentence Recall 0.14 0.07 0.046 
Vocabulary -0.06 0.07 0.382 
Mother's Education 0.02 0.03 0.629 
RAN -0.18 0.06 0.005 




















Table 4. Slope Values from Multiple Regression for Kindergarten Predictors 
Variable Estimate Standard Error p-value 
Intercept -0.09 0.18 0.608 
PA 0.34 0.06 <.0001 
Letter Knowledge 0.20 0.05 <.0001 
Sentence Recall 0.12 0.06 0.047 
Vocabulary -0.02 0.06 0.785 
Mother's Education 0.04 0.03 0.226 
RAN -0.16 0.04 <.0001 
















































































Figure 4. Multiple Quantile Regression Results for Kindergarten Predictors 
 
 
 
